This special issue of Journal of Pediatric Psychology highlights important work being conducted at the intersection of child health psychology, neuropsychology, and neuroscience. Understanding neural processes related to pediatric health holds promise for improving pediatric psychology theory, designing targeted interventions, and improving practice in a variety of areas, including health behavior, health perceptions, and disease self-management. Neural processes represent important mediators of health behavior, and their relevance to health outcomes has been well documented. For example, executive functions, which are mediated by prefrontal cortical areas and frontal-subcortical white matter connections, have implications for illness self-management, health risk and prevention behaviors, and adaptation and resilience in the face of medical stressors (Allom, Mullan, & Hagger, 2016; Nigg, 2017) . Furthermore, pediatric health is influenced by neurodevelopmental processes, including protracted development of brain structures that support executive functions, throughout childhood and adolescence (Posner, Rothbart, Sheese, & Voelker 2014) . Indeed, development in neural processes greatly influences the variation in health behaviors among children and across the developmental transition to adulthood.
In recent years, there has been an increased emphasis on integrating neuroscience with all areas of health. For example, Erickson and colleagues (2014) defined Health Neuroscience as a new field examining the bidirectional effects between the brain and physical health in adults. Likewise, the National Institute of Mental Health's (NIMH) Research Domain Criteria (RDoC) initiative focuses on understanding mental health and illness in terms of functional neural systems (Cuthbert, 2014) . Pediatric psychology has traditionally focused on the links between psychology and medicine with a major focus on how behavior and social systems (e.g., family or peer processes) impact physical health and illness in children and adolescents (Aylward & Lee, 2017) . There has been some inclusion of knowledge from neurodevelopmental disorders and neuropsychology into pediatric psychology but less emphasis on formal neuroscience methods relative to other fields within psychology (e.g., Cognitive Neuroscience, Social Neuroscience). Greater integration of neuroscience into pediatric psychology holds significant promise for improving our understanding of health conditions in youth. Although the Recommendations for Training in Pediatric Psychology blueprint (Palermo et al., 2014) includes understanding biological influences on childrens' health as a cross-cutting competency, specific training in neural processes is likely to enhance pediatric psychologists' ability to contribute to research in pediatric health neuroscience. Similarly, theories of health behavior developed in pediatric psychology may inform pediatric health neuroscience, as illustrated by several papers included in this special issue.
There are several advantages to increased integration of neuroscience into pediatric psychology. Psychological research methods emphasize the importance of using multiple measures and multiple methods to understand phenomena. Neuroscience methods provide a distinct set of methods that can provide converging evidence for constructs often measured through self-report or behavioral methods. Incorporating neuroscience methods into pediatric psychology research also provides an opportunity for greater interdisciplinary collaboration. In addition, neuroscience methods can help elaborate models based solely on a behavioral level of analysis (Cacioppo et al., 2000) . In some cases, more direct measurement of brain processes can illuminate underlying mechanisms, such as biomarkers, which can serve as early predictors of later behavior. All of these advantages can improve our understanding of health behavior phenomena in ways that can improve or refine interventions to promote better health.
This special issue of Journal of Pediatric Psychology contains 10 papers that address a diverse set of research questions at the intersection of neural and health-related processes. One commentary is also included. Several themes evident in these studies highlight potential aims for a program of pediatric health neuroscience research, including the identification of potentially useful constructs predictive of outcomes, model building and testing to elucidate pathways, and targeted interventions The first section of this special issue features five studies that elucidate underlying neural mechanisms, using methodologies, including functional magnetic resonance imaging (fMRI), event-related potentials (ERPs), and neuropsychological/neurodevelopmental assessment. The second section presents four studies that incorporate neurocognitive factors as part of the model building or model testing process. This process involves using biomarkers or other neuroscience measures of health outcomes to develop or test causal models which incorporate health behavior outcomes. The final paper in this special issue by Chavez-Arana and colleagues (2018) provides a systematic review examining intervention studies to improve executive function in children. Although this synthesis focuses on interventions for children with acquired brain injuries, the article provides a useful summary of intervention approaches, which may generalize to a wide range of populations.
Development and Application of Neuroscience Constructs and Biomarkers
Biomarkers, including genetic, neurochemical, and brain structure and function indicators, are objective measurements of physiological processes that have utility for predicting relevant clinical outcomes. Biomarkers are viewed as methodologically distinct from a patient's own (subjective) experiences of symptoms or health. Furthermore, objective behavioral tasks that are well specified in terms of the neural systems that mediate the behavior (a.k.a., marker tasks or neuropsychological tasks) provide novel information. Biomarkers and behavioral tasks may be used in clinical research to characterize normal or pathogenic physiological processes in addition to measuring response to intervention.
Two studies described in this section used the assessment of executive function and/or fMRI to examine the neural processes that contribute to overeating behavior. Gowey and colleagues (2018) report findings from a cross-sectional study that examined the association between executive function and dysregulated eating behavior in children and adolescents with obesity binge eating versus overeating behavior patterns as compared to those with typical eating patterns. Individuals with disordered eating patterns demonstrated greater executive dysfunction, with the greatest executive function problems reported for those with binge eating patterns. This study indicates the need for future studies examining the causal relationships among dysregulated eating, obesity, and executive function The low correspondence between parent and child report of eating behaviors highlights the potential for including objective biomarkers in pediatric obesity research. In addition, this study highlights potential benefits and limitations of using self-and parent-report measures of executive function (Toplak, West, & Stanovich, 2013) .
In a second study focused on overeating, Goldschmidt and colleagues (2018) used a novel fMRI paradigm to explore the neural correlates of loss of control (LOC) eating in preadolescents. The fMRI paradigm was designed to simulate periods of food restriction and food nonrestriction. Although the authors did not find the expected main effect for the task, they did identify group differences in neural activation patterns. Compared with overweight/obese and nonoverweight control groups with no LOC, participants with overweight/obesity and LOC eating had a greater magnitude of BOLD response in brain regions associated with attention and executive functions, including inhibition and emotion regulation, during restricted and nonrestricted periods. Though preliminary, these findings suggest that preadolescents with overweight/obesity and LOC eating may exert more cognitive effort to inhibit unhealthy eating behavior.
Caouette and colleagues (2018) used resting-state fMRI (rsfMRI) to examine the association between sexual health behavior (i.e., condom use) and brain connectivity patterns in a social processing network among a cohort of adolescents who had recently engaged in sexual activity. The results did not support hypotheses, as there was no main effect for condom use on rsFMRI patterns in the overall sample. Exploratory post hoc analyses showed that, in males only, more frequent condom use was associated with stronger and more positive connectivity in network regions associated with interpreting social cues, empathy, and planfulness-suggesting additional psychological processes that had not been identified in similar work with adults. These preliminary findings highlight the potential role of neuroimaging in extending our understanding of relevant psychological factors in health behaviors. A Journal of Pediatric Psychology Student Journal Club commentary (DeCator & Carter, 2018) discusses findings presented in this article at greater length. Downes and colleagues (2018) used an ecologically valid dichotic listening paradigm to explore neurophysiological differences in selective auditory attention in preschool children with sickle cell disease (SCD) using ERPs. In the context of equivalent behavioral performance between groups, the finding of differences in patterns of ERP between preschool children with and without SCD highlights the sensitivity of ERPs to processing differences. The study is an example of identifying biomarkers that may not be evident at the behavioral level. Thus, a wellcharacterized biomarker can help identify children at-risk for poorer outcome at an early age, before behavioral deficits are obvious, providing a high potential for early preventative intervention.
Although biomarkers are often thought of as objective measures, the presence of comorbid health conditions can also be considered to be biomarkers (Anisman & Hayley, 2012) . Low Kapalu and colleagues (2018) report on neuropsychological and neurodevelopmental patterns in a sample of youth receiving intensive, interdisciplinary pain treatment. Youth in this study presented with some atypical patterns on neuropsychological testing, such as poorer nondominant hand dexterity and visual memory. The group also had high rates of neurodevelopmental concerns, including learning disorders, autism spectrum disorder, and attention deficit hyperactivity disorder. Previous work has suggested youth with developmental disorders have important communication differences surrounding pain experience and can have idiosyncratic differences in pain processing (GilbertMacLeod et al., 2000; Moore, 2015) . The current study by Low Kapalu and colleagues further suggests the comorbidity of neurodevelopmental disorders and pain conditions may be an important predictor of response to first-line pain management interventions.
Developing and Testing Health Behavior Models With Neuroscience Constructs
Theoretical models elucidating the interrelationship between behavior and health are the cornerstone of pediatric psychology research and practice. The development and testing of theoretical models expands on biomarker research by extending known associations to develop and then evaluate specific models that predict health outcomes. Three manuscripts featured in this special issue incorporate neuropsychological constructs into model development or testing to explain how medical illness is related to psychological functioning and health behaviors. In addition, a fourth manuscript provides a preliminary test of how neuropsychological functioning is related to obesity treatment.
Hardy and colleagues (2018) expand on literature linking neurocognitive deficits to health-related quality of life in SCD to generate a more elaborated model of these associations. Disease severity was used as a moderating variable with the expectation that higher cognitive ability would serve as a buffer for quality of life effects in children with more severe disease. Contrary to the author's predictions, cognitive functioning was associated with quality of life for youth with mild disease severity but not in children with moderate-to-severe disease severity. Cognitive functioning appeared to exert its effect on quality of life through better child self-management of health and better communication with health-care providers. An important implication of the study is that models of health-related quality of life in SCD may need to consider the impact of cognitive functioning on health management behaviors. Also, the study suggests the health management burden may differ in qualitative ways across levels of disease severity in SCD. Stern, Driscoll, Ohanian, and Holmbeck (2018) examined how neuropsychological functioning and depressive symptoms impact medical autonomy in children and adolescents, by testing quantitative models consistent with cognitive scarring (Allott, Fisher, Amminger, Goodall, & Hetrick, 2016) and cognitive vulnerability models (Lee, Hermens, Porter & Redoblado-Hodge, 2012) . Neuropsychological constructs examined in this study included attention and executive functions, including working memory, planning, and organization, domains that are known to be adversely impacted in individuals with depression. Findings from this study supported the cognitive vulnerability model: specifically, the results showed that poorer neurocognitive functioning predicted increased depressive symptoms, and increased depressive symptoms predicted lower medical responsibility. This study provided an explicit test of two competing theoretical models in an attempt to clarify the contribution of neurocognitive functioning to health outcomes. This study also argues for the importance of screening for depression, attention, and executive functions when considering capability for medical autonomy and provides targets for interventions to improve medical autonomy in a neurodevelopmental population.
Next, Jackson, Gerardo, Monti, Schofield, and Vannatta (2018) examined associations between executive functions, coping, and internalizing problems in adolescents and emerging adults with congenital heart disease using the multidimensional model of responses to stress (Connor-Smith, Compas, Wadsworth, Thomsen, & Saltzman, 2000) . Findings from this study suggest that poorer executive cognitive functioning was associated with fewer adaptive coping strategies (e.g., cognitive reappraisal and mindfulness) which, in turn, predicted more internalizing psychological symptoms (depression and anxiety) in young adults but not adolescents. Study findings imply that executive functioning deficits may disrupt adaptive coping in young adults with congenital heart disease and may indicate that intervening to improve EF may facilitate better emotional coping strategies and fewer internalizing problems. This study integrated neuropsychological constructs into an existing model of stress responsivity, which allowed the researchers to identify a potential mechanism to explain disruptions to coping in young adults with congenital heart disease.
Finally, Mackey and colleagues (2018) examined relationships between specific neuropsychological domains of functioning and weight loss in adolescents with severe obesity. Prior research has suggested poorer executive function in adolescents is a contributor to poorer treatment response for obesity interventions (Hayes, Eichen, Barch, & Wilfley, 2018) . In addition, the higher caloric intake and poorer insulin regulation that often accompanies obesity is likely to have a negative effect on cognitive functioning, particularly memory functions, that could potentially be improved with successful obesity treatment (Robinson et al., 2013) . This preliminary study examined neuropsychological domains as both a predictor of weight loss following bariatric surgery and as an outcome of weight loss. The authors found that pretreatment working memory performance, a component of executive function, predicted who showed the most weight loss following surgical treatment, providing preliminary support for executive function as a moderator of treatment response in adolescents.
Incorporating Neuroscience Into Pediatric Psychology Interventions
The value of incorporating neuroscience concepts and methods into pediatric psychology will be judged, in large part, by the extent to which neuroscience improves health promotion, prevention, and treatment. Incorporating neuroscience constructs and methods into theoretical models is an important step in this direction. Brain plasticity and the adaptability of functional neural systems have important implications for intervention within these models. Psychologists have long debated the extent to which cognitive abilities represent trait-like variables or a malleable factor to intervene on. In the final article for this special issue, Chavez-Arana and colleagues (2018) provide a systematic review of interventions to improve executive function in children with acquired brain injury. The review is organized around an important distinction between "cold" (cognitive) and "hot" (affective or motivational) aspects of executive function, which represent two distinct systems that need to be coordinated for effective, goal-direct behavior. Overall, the review indicates research in this area suffers from a number of methodological limitations that reduce the strength of evidence for treatment efficacy and effectiveness. However, existing studies suggest that the structure and approach to efficacious intervention differs across these two types of executive function. Promising approaches to improving cold executive function include brief, intensive interventions based on validated cognitive models, including the role of metacognition in behavior. Parent education approaches, particularly those focused on positive behavioral support, showed the most promise for improving hot executive function.
Conclusions and Directions for Future Research
Research included in this special issue represents important advancements in child health neuroscience research. Consistent with numerous initiatives designed to identify neural processes that underlie heath behavior and health outcomes, this group of studies has potential to encourage additional research at the intersection of pediatric psychology and neuroscience. We outline several recommendations for additional research below.
1. Pediatric neural sciences research could be improved by using theoretical models to guide additional research. Few comprehensive models that draw on existing research are extant, and this lack of theoretical guidance often leads to redundancy because many research questions already have a strong body of research that is published in disparate subspecialties and journals. 2. We encourage researchers to consider measurement of neural processes carefully when designing their studies. Multimethod assessments including subjective ratings and performance-based neurocognitive measures provide complimentary information, which enhances our understanding of complex neural processes. Biomarkers are equally important in characterizing neurocognitive functioning, but biomarkers may lack ecological validity. Furthermore, cost constraints and difficulty in interpretation represent challenges in integrating biomarkers in to pediatric health research. We recommend that researchers consider neural processes in study aims and prioritize using state-of-the art measurement strategies. 3. Many pediatric health neuroscience studies are limited by low power, in part because of the relatively small populations within a single pediatric health-care setting. Moreover, some assessment methods (e.g., MRI) are costly and impractical for some populations (e.g., young children). We encourage researchers to pursue multisite collaborations. We also recommend a priori power analysis and other methodological methods for increasing study power (e.g. within-subjects comparisons) to increase confidence in study findings 4. We encourage pediatric psychologists to develop crossdisciplinary teams to optimize study design and methodology. As a discipline, pediatric neuropsychology emphasizes the relationship between brain and behavior within the context of neurodevelopmental systems. Researchers in neuropsychology, cognitive psychology, and developmental neuropsychology are often experienced in brain imaging or other biomarker assessments. Collaboration between and among specialized disciplines will facilitate the design of studies that are equipped to answer clinically relevant questions.
